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Estimating the Economic Gains from Larger Tomato Transplant Cell Sizes 
 
 
Southwest Florida is an important production area for fresh winter tomatoes. The region 
enjoys an extended growing season, harvesting tomatoes from late October through early 
May. For the most part, southwest Florida growers produce during two market windows, 
a fall window, when tomatoes are harvested between November and early January, and a 
spring window, when tomatoes are harvested during March and April. 
 
Producing fresh tomatoes in southwest Florida is expensive. University of Florida tomato 
enterprise budget estimates that a typical grower commits almost $12,000 to plant, grow, 
harvest, and pack 1,400 cartons (25-pounds), a production goal for one acre (Scott and 
Taylor, 1997). A price of more than $8.50 per 25-pound carton is required to break even. 
The highly competitive, and global, marketplace is pushing growers and vegetable 
researchers to investigate new production methods that will yield more high quality fruit 
at lower overall unit costs.  
 
Tomato transplants and stand establishment have received considerable attention from 
vegetable horticulturists. Recent work by Vavrina and Arenas (1997) demonstrated that 
larger tomato transplant cell sizes increased overall yield and the number of extra large 
fruit for spring harvested tomatoes in southwest Florida. Higher yields and more 
marketable pieces of extra large fruit increase grower revenues. However, the economic 
benefits to growers are offset by the higher costs to grow tomato plants in larger 
transplant cells. In southwest Florida, commercial tomato growers rely on vegetable 
transplant nurseries to supply seedling field plants. Most nurseries are independent firms 
that contract with growers to germinate and grow seedlings for six weeks. After which, 
the seedlings are transplanted into the grower’s field. If a grower requests that the nursery 
provide larger transplants, he/she should be willing to pay more for the transplant to at 
least cover the nursery’s additional costs of growing larger transplant sizes. The purpose 
of this paper is to evaluate the costs and benefits from utilizing larger tomato transplant 
cells. Through this analysis we attempt to define price boundaries for which a grower is 
willing to pay for and a nursery is willing to accept the adoption of larger transplant cell 
technology. 
 
The first part of the paper summarizes the horticultural findings from utilizing larger 
transplant cells. The next section present price and production data relevant to southwest 
Florida spring tomato production and estimates values from the expected production 
benefits from larger transplants. The third part of the paper discusses the transplant 




Since the early 1960’s, researchers have noted the horticultural benefits from growing 
transplants in larger container sizes (Peirce and Peterson, 1961; NeSmith and Duval, 
1997). Larger transplants produce mature fruit earlier. Further, overall yields are higher 
and the number of extra large fruit sizes increase as well. Root restriction in smaller  2 
 
container sizes was sighted as a possible reason for poorer horticultural performance 
(NeSmith and Duval, 1997). 
 
Recent work by Vavrina and Arenas (1997) investigated the production effects from 
larger tomato transplants under southwest Florida growing conditions. They investigated 
the production responses during both the fall and spring harvest periods. Their findings 
support previous research results, showing that larger tomato transplant cell sizes 
enhanced earliness during both the fall and spring crops. However, increases in overall 
yield and the number of extra large fruit were observed only during the spring crop. 
While fall tomato transplants from larger cell sizes initially grew faster than transplants 
from smaller cell sizes, after forty-five days from transplanting, the differences among 
cell size treatments were not significant and ultimately, transplant cell size did not 
improve overall yield nor the number of premium grade fruit. 
 
Table 1 summarizes spring yields for the Vavrina and Arenas study, along with results 
from Weston and Zandstra (1986) who conducted a similar tomato study in Michigan 
fourteen years earlier. While Florida and Michigan are different production areas, the 
results are comparable since during each study, transplants were set during cool 
conditions and matured as average daily temperatures increased. Both studies used the 
same cell size treatments. The industry standard for transplants has been a one inch, or 
2.5 cm, square cell size. One tray of one-inch (2.5 cm) cells holds 200 plants. As cell size 
increases to 1.5 inches (3.8 cm) and 1.75 inches (4.4 cm), the number of plants per tray 
decreases to 150 and 128 plants, respectively. In the Vavrina and Arenas study, overall 
yield of plants from the 4.4 cm cell size was 34 percent more than the yields of plants 
from 2.5 cm cell size. Further, there was a corresponding increase in the number of extra 
large fruit from the plants that were transplanted from the largest cell size. For the same 
cell size treatments, the Weston and Zandstra study showed an increase of 23 percent in 
overall yield with a similar proportional increase in the number of extra large fruit. 
 
Valuing the Economic Benefits 
 
In southwest Florida, larger transplant cell size positively influenced spring tomato 
production. An analysis was performed to estimate the added value a grower could expect 
from using larger tomato transplants during the spring season. Using historical production 
and price data, along with estimates of production and harvesting costs, per acre returns 
were estimated for the 1994 through 1999 spring tomato seasons. Estimates of per acre 
returns were first made assuming small (2.5 cm) transplant cell sizes. Subsequent 
estimates were calculated at various higher yield levels to reflect the yield enhancement 
effects from using larger (4.4 cm) transplant cell sizes. Differences between returns from 
large transplant cell sizes and smaller cell sizes, provided an estimate of added value 
received by a grower from using larger transplant sizes. 
 
The horticultural benefit from producing earlier maturing fruit did not factor into the 
analysis for southwest Florida tomato growers. The marketing period in southwest 
Florida is sufficiently long that an extra week did not significantly increase the available 
marketing time. Further, growers sequentially plant their spring tomato acreage between  3 
 
early January and mid February. Consequently, the number of acres, which would have 
fallen into an early season window, would be limited. 
 
Table 2 presents data of tomato production in southwest Florida. Since 1988, season 
average yields ranged from 868 cartons (25-pound) to 1,429 cartons per acre. A twelve-
year average yield was 1,117 cartons per acre. Nearly one-third (31%) of annual 
production occurred during the spring season. The market window for spring tomatoes in 
southwest Florida occurs during March and April. During May, tomato production areas 
around Bradenton Florida begin to dominate the market. During a typical year 50 percent 
of the tomatoes graded in the “extra large” market category. The remaining tomatoes 
were sold as “large” (32%) and “medium” (18%) marketing categories. 
 
Fourteen to seventeen hundred cartons per acre are realistic production expectations for 
southwest Florida tomato growers. Since 1987, only one season produced more than 
1,400 cartons per acre (1991, Table 2). The number of cartons that are actually harvested 
depend on market conditions at the time of harvest and extreme weather circumstances. If 
market conditions are good, prices will be higher than $8.50 per carton and fields will be 
picked at least three times. If market conditions are poor (i.e. $5 to $6 per carton), a field 
will usually be picked only once, abandoning the rest of the fruit. Severe weather, 
particularly winter freezes are important production risks adversely effecting yields. 
Killing freezes (below 32 F) have struck southwest Florida three out of the last ten years 
(December 1989, January 1996, and February 1997). 
 
Extra large tomatoes typically receive a market premium. Table 3 summarizes season 
average prices and market grade prices that were received by southwest Florida tomato 
growers during the spring season. The market grade prices presented in Table 3 represent 
average Wednesday market quotes from south Florida shipping points between March 1
st 
and May 1
st. The differences between season average prices and spring market grade 
prices reflect the variability that exists within the fresh tomato industry. Since 1994, the 
season average price has been below $8 per carton. Considering that $8.50 per carton is a 
breakeven price, growers would have appeared to have lost money. However, spring 
prices for extra large tomatoes were considerably more than $8 during five of the six 
years since 1994. Even the spring prices for medium grade tomatoes were more than $14 
per carton during 1996 and 1997. During most weeks, extra large grade received a price 
premium. Over the entire spring season, the price premium between extra large sizes and 
large sizes ranged from 25-cents to almost $2 per carton. Medium sizes were discounted 
even more, ranging from 50-cents to nearly $4.50 per carton below extra large prices. 
The size of the price spread between extra large, large and medium seems to be correlated 
with the overall marketing year. During years of depressed grower prices, the spreads are 
smaller. The price spreads widen as grower prices increase. 
 
Annual average grower returns from spring tomato production in southwest Florida were 
calculated using yield and price information presented in Tables 2 and 3. Preharvest field 
costs were assumed to be $6,700 per acre and included both variable and fixed costs. 
Fixed costs included a land rental charge of $400 and a management fee of $900 per acre  4 
 
(Smith and Taylor, 1997). Harvesting, packing, and selling costs were estimated to be 
$3.57 per 25-oth pound carton (Smith and Taylor, 1997). 
 
The first step toward deriving a value for larger transplant sizes was to calculate annual 
returns to one grower when using the standard transplant cell size of one-inch (2.5 cm). 
The estimates of annual per acre return (loss) for a typical spring tomato acre in 
southwest Florida are reported in Table 4. Between 1994 and 1999 spring tomato acreage 
earned nearly $600 of net returns. However, annual returns were highly variable. During 
1994 and 1999, spring tomato acreage lost money. Favorable market prices during 1996 
and 1997 allowed an average spring tomato grower to earn nearly $2,500 and $1,800 per 
acre in net income, respectively. 
 
Per acre estimates of annual returns were recalculated assuming a 30% increase in overall 
yield (Table 4). The increase in spring yields was based on predicted production response 
from using the 1.75 inches (4.4 cm) transplant cell size. While a grower still would have 
lost money during 1994 and 1999, the losses would have been reduced. Over the six year 
period between 1994 and 1999, average per acre returns would have increased to more 
than $1,400. The difference between returns using standard transplant cell size (2.5 cm) 
and the larger (4.4 cm) cell size provided an estimate of value to the grower from 
adopting the larger transplant cell size technology. Given that one acre has 4,840 plants, 
the added value from larger transplant sizes was 16-cents per plant. Based on actual 
prices and production levels, the grower’s maximum willingness-to-pay for 1.75 inch 
transplants would have ranged from $0.077 in 1999 to $0.28 in 1996. 
 
Cost to the Transplant House 
 
Tomato seeds require six weeks to germinate and to be grown out to transplant stage. In 
order to protect the seedlings from pests and adverse weather conditions, vegetable 
seedlings are grown in a controlled environment. Greenhouse structures allow a measured 
amount of water and plant nutrients to be applied, as well as limiting access from 
unwanted pests. 
 
The fixed capacity of a greenhouse is the primary reason why costs of transplants 
increase when cell size increases. The capacity of a standard size greenhouse is 3,600 
seedling trays per cycle. One tray holds 200 one-inch cell. As cell size increases to 1.5 
inches and 1.75 inches, the number of cells per tray decreases to 150 and 128, 
respectively. Correspondingly, the number of plants per cycle decreases with cell size. 
With cell size of one-inch, a greenhouse can hold 720,000 seedlings. As cell size 
increases to 1.5 inch and 1.75 inch, the number of seedlings per greenhouse cycle 
decreases to 540,000 and 460,800, respectively. 
 
Fewer plants per cycle mean fewer units over which to spread fixed costs. Zimet and 
Vavrina (1995) estimated the fixed costs for a vegetable transplant operation to be more 
than $9,300 annually. The fixed costs account for all ownership costs and assume a 
seven-year life on the greenhouse structure. Table 5 outlines the costs associated with 
growing tomato transplant seedlings at three different cell sizes. Variable costs increase  5 
 
according to the number of seedling cycles grown each year. Most transplant nurseries in 
southwest Florida plan for three cycles per year. Increasing cell size from 2.5 cm to 4.4 
cm, increases the transplant growing cost by $0.0134 per plant. In order to make 
transplant growers indifferent to accepting larger transplant technology, prices of 




From this analysis, the added value of larger tomato transplant cell is bounded between 
$0.013 and $0.167 per plant. Below $0.013, a transplant grower would refuse to produce 
a larger transplant because his/her added costs would not be covered. A value above 
$0.167 would exceed a tomato grower’s expected benefits. Larger transplant cell sizes 
have been shown to produce more overall yield during the spring tomato harvest. The 
break-even yield increase from using a 1.75 inch (4.4 cm) cell size would be slightly 
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Table 1.  Comparative results from two studies showing yield response of tomato 
transplants grown in container cells of varying sizes. 
 
Vavrina Study 
1  Weston Study 













2.5x2.5 200  28  41  10.9  34.4 
3.8x3.8 150  32  48  15.6  36.5 
4.4x4.4 128  36  55  19.9  42.3 
 
1/  “Solimar” tomato grown in Immokalee, Florida during spring of 1997. Yields are means from 10 plants 
replicated six times. Total yields translate to 1,746, 2,044, and 2,343 cartons (25-pound) per acre for the 
respective cell size categories. 
 
2/  “Pik-red” tomato variety grown in East Lansing, Michigan during summer of 1981. Yields are based on 
14 plants per plot, replicated three times. Total yields translate to 1,211, 1,285, and 1,489 cartons (25-





Table 2.  Average of Wednesday tomato F.O.B. prices ($/25-lbs carton) from March 1
st 
through May 1
st by size grade for south Florida shipping points. 
 
Average of weekly spring prices 
1 












1998/99  $7.56  7.56 7.31 7.06 
1997/98 $9.01  12.6  10.65  8.20 
1996/97 $7.39  17.17  16.08  14.5 
1995/96 $6.98  21.10  20.20  18.15 
1994/95 $7.44  11.78  10.28  7.33 
1993/94  $7.90  9.11 8.44 7.00 
 
1/  Source: Van Sickle, University of Florida, Market Information System. Archived data from Orlando, FL 
vegetable south Florida shipping point prices, 1994-1999.  http://mis.ifas.ufl.edu/cgi-bin/barc. Accessed 
April 28, 2000. 
 
2/  Source: Florida Tomato Committee Annual Report, 1993 – 1999, District Three summary statistics  7 
 
Table 3.  Season average yields, proportion of tomatoes harvested during the spring 
season (March – April), and proportion of fruit by size grade, extra large (XL), large 



















1998/99 1,042  31% 51% 29% 20% 
1997/98 1,079  30% 50% 31% 19% 
1996/97  986 31% 57% 29% 14% 
1995/96  868 31% 50% 32% 18% 
1994/95 1,121  30% 52% 32% 16% 
1993/94  973 34% 51% 32% 17% 
1992/93 1,223  31% 48% 34% 18% 
1991/92 1,429  27% 52% 32% 16% 
1990/91 1,220  31% 50% 32% 18% 
1989/90 1,012  41% 47% 34% 19% 
1988/89 1,198  30% 42% 36% 22% 
1987/88 1,249  30% 45% 33% 22% 
Average 1,117 31% 50% 32% 18% 
 
Source. Florida Tomato Committee Annual Reports, 1987/88 through 1998/99.  8 
 






2.5 cm transplants 
Gain (loss) 








1999 -$855 -$484 $.077 
1998 $415  $1,166  $.156 
1997 $1,814  $2,985 $.242 
1996 $2,488  $3,861 $.284 
1995 $318  $1,040  $.149 


























Cells per tray    200  150  128 
Fixed costs 
1  $/yr $9,306     
Variable costs 
1  $/cycle $13,971     
Seedlings 
2  Plants/cycle  720,000 540,000 460,800 
Two cycles:         
Variable costs  $/yr  $27,942     
Total costs  $/yr  $37,248     
Total seedlings  Plants/yr  1,440,000  1,080,000  921,600 
Unit  cost  $/plant $.0259 $.0345 $.0404 
Three cycles:         
Variable costs  $/yr  $41,913     
Total costs  $/yr  $51,219     
Total  seedlings  Plants/yr  2,160,000 1,620,000 1,382,400 
Unit  cost  $/plant $.0237 $.0316 $.0371 
 
1/  Source:  Zimet, D. and C. Vavrina. Production of Vegetable Seedlings: Concept, Budgets, and 
Cashflow. University of Florida, Cooperative Extension Service Bulletin 304, July 1995. 
 
2/  Green house capacity assumed to be 3600 trays (Zimet and Vavrina, 1995) 
 